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Puncture Test Characterization of Glovebox Gloves Summary
An experiment was conducted to determine the puncture resistance of 15 gloves that are used or proposed for use in the Tritium Facility at Savannah River Site (SRS). These data will serve as a baseline for characterization and may be incorporated into the glove procurement specification. The testing was conducted in agreement with ASTM D120 and all of the gloves met or exceeded the minimum requirements. Butyl gloves exhibited puncture resistance nearly 2.5 times the minimum requirements at SRS while Polyurethane was nearly 7.5x the minimum.
Background
Currently butyl gloves are used in the facility because of their low permeability; however, butyl is not a particularly tough, puncture resistant, or abrasion resistant glove. To improve the physical and mechanical properties, the butyl gloves may be used with overgloves when exposed to wear applications. The Tritium Facility and SRS glovebox subject matter expert has been working with several vendors to characterize and improve the glove properties. Four vendors: North Piercan, Guardian and Jung, have supplied stock and experimental glove compositions and thicknesses for engineering evaluation. The gloves from these vendors, with the composition and nominal thickness listed in Table 1 have been tested for permeability, tensile, Thermogravimetric, Dynamic Mechanical Analysis and now puncture resistance. The results of the other characterizations are reported separately (1) (2) (3) (4) . A standard ASTM puncture test methodology (5) was used. 
Experimental
Portions of ASTM D120 (5) were used as a guideline for this experiment. Disk samples were die cut from the hand portion of the glove to simulate the most likely scenario where a sharp will have the opportunity to penetrate a glove in the facility. The sample disk was mounted in a compression holder and probe A was driven into the sample at a cross head speed of 20 in/min. A 200 lb capacity load cell calibrated to ASTM E4 (6) was used for this experiment. The samples were tested to failure with an Instron Model 4507 test machine including a MTS Systems Renew Package. The load and deflection were recorded on a computer using Testworks software. The tests were completed in triplicate rather than 12 times due to time constraints.
Results and Discussion
The average results from the puncture test for butyl rubber gloves are listed in Table 2 and individual test data are listed in Appendix A. These results indicate an average puncture resistance of approximately 240 lbf/in. This value exceeds the 100 lbf/in referred to in ASTM D120 for electrical gloves (5) . The data are presented graphically in Figure 2 . The standard deviation for the individual three tests is listed in the table; these values show a relative spread of less than 10% that helps justify testing in triplicate. A typical load extension curve for 30 mil North Butyl is shown in Figure 1 ; individual data plots for the other gloves are presented in Appendix B. All of the pure materials and the PUY samples exhibited similar behavior with monotonic increases in load with extension and a sharp drop in the load on penetration. The average results from the puncture test for other polymer gloves are listed in Table 3 and graphically in Figure 3 . These results indicate a puncture resistance that exceeds 100 lbf/in for all of the gloves that were tested, a minimum value for electrical gloves (5). As was the case for the butyl gloves, the standard deviation for the three tests is listed in the table, these values show a relative spread of less than 10%.
All of the gloves exceed the minimum puncture resistance required for electrical gloves. The SRS specification does not explicitly require puncture testing, so these data are for information and comparison purposes only. The gloves can be ranked from highest to lowest puncture resistance: polyurethane, polyurethane-Hypalon . The elongation to failure is another indicator of puncture resistance and a similar ranking occurs from this assessment as well. 
Conclusions and Summary
All of the gloves meet or exceed the 100 lbf/in requirement stated in ASTM D120 for electrical gloves. 
